This study investigates the drinking water (groundwater and surface water) quality and potential risk assessment along mafic and ultramafic rocks in the Swat district of Khyber Pakhtunkhwa Provence, Pakistan. For this purpose, 82 groundwater and 33 surface water samples were collected and analyzed for physico-chemical parameters. Results showed that the majority of the physico-chemical parameters were found to be within the drinking water guidelines set by the World Health Organization. However, major cationic metals such as magnesium (Mg), and trace metals (TM) including iron (Fe), manganese (Mn), nickel (Ni), chromium (Cr) and cobalt (Co) showed exceeded concentrations in 13%, 4%, 2%, 20%, 20% and 55% of water samples, respectively. Health risk assessment revealed that the non-carcinogenic effects or hazard quotient values through the oral ingestion pathway of water consumption for the TM (viz., Fe, Cr and Mn) were found to be greater than 1, could result in chronic risk to the exposed population. Results of statistical analyses revealed that mafic and ultramafic rocks are the main sources of metal contamination in drinking water, especially Ni and Cr. Both Ni and Cr have toxic health effects and therefore this study suggests that contaminated sites should be avoided or treated for drinking and domestic purposes.
INTRODUCTION
Water is vital to human life and therefore, an adequate supply of clean and safe water is a determining factor for the health status of exposed population (Shah et Singh et al. ) . Unfortunately, the water can become contaminated with metals from natural (weathering of rocks and ore deposits) and anthropogenic (mining, agriculture, industry and domestic wastewater) sources (Khan et al. , a, c, ) . Some metals are essential for normal human body function, including calcium (Ca), magnesium (Mg), sodium (Na), potassium (K), cobalt (Co), copper (Cu) and zinc (Zn). However, high intake of these metals may produce toxicity. Whereas other trace metals (TM), e.g., lead (Pb), chromium (Cr), nickel (Ni), arsenic (As) and cadmium (Cd), are extremely toxic even in very low concentrations to human health and the environment (Khan et al. b, , ; Hussain et al. ; Shah et al. ; Gul et al. ) . Metal contaminated drinking water and food is the most direct route for human exposure (Shah et al. ; Khan et al. b, ) and intake of such contaminated water may produce chronic and carcinogenic effects in the exposed human population (Muhammad et al. dependent on the quality of water; if the quality is poor, the exposed population must pay an additional cost for treatment or incur the property damage or health risk (Koc ) . Therefore, water quality monitoring and assessment has one of the highest priorities in environmental protection policy (Simeonov et Statistical analyses have proven useful for comparing and interpreting environmental data such as water quality.
These analyses allow the identification of the possible contamination sources that influence the water system. These analyses also provide a valuable tool for reliable management of water resources and rapid solution to contamination problems (Krishna et Khan et al. a). Therefore, this study has been carried out to assess the drinking water and evaluate the potential human health risk assessment. Further, using statistical analyses the study will identify the contamination sources of drinking water in the Swat district.
MATERIAL AND METHODS

Study area
This study was conducted in the Swat district, at the entry point to a major tourist area in the northern areas of Paki- 
Risk assessment
Exposure assessment
In the study area, average daily intake (ADI) of metal through consumption of drinking water for exposure assessment was calculated according to the equation adopted from USEPA () and Shah et al. () :
where CW is concentration of metal in water (mg/L), IR is Calcium is needed for normal body functions including blood clotting, transmission of nerve impulses and regulation of heart rhythm (Muhammad et al. ).
Magnesium and Ca deficiency in drinking water may be associated with cardiovascular diseases (Yang et al. ) .
The concentrations of Ca were in the ranges 1-126 mg/L and 2-58 mg/L in groundwater and surface water, respectively (Table 1 ). Higher concentrations of Ca are generally released to water from deposits of limestone, dolomite, gypsum and gypsiferous shale (APHA ).
Similarly, Mg concentrations were in the ranges 1-99 mg/L and 5-13 mg/L in groundwater and surface water, respectively (Table 1 ). In the study, groundwater showed multifold higher Mg concentrations as compared with surface water.
These multifold higher concentrations were may be attributed to the dissolution of Mg rich mafic and ultramafic bed rocks The concentrations of Na were in the ranges 3-223 mg/L and 2-13 mg/L in groundwater and surface water, respectively (Table 1 ). This could be a localized phenomenon with input from the granitic rock which has higher amounts of sodium feldspar. However, most of the water samples from the area have quite low concentrations of Na, but not low enough to cause health problems, such as mental apathy, low blood pressure, fatigue, depression, and dehydration
on average, the adult daily intake is <0.1% of K through water ingestion. Like other MCC, K is also necessary for normal body functions. Similarly, K concentrations were in the ranges 1-28 mg/L and 1-26 mg/L in groundwater and surface water, respectively (Table 1 ). This could be attributed to the presence of schistose rocks containing greater amounts of minerals like muscovite and potash-feldspar. However, most of the water samples contained quite low concentrations (<4 mg/L) of K, but not low enough to cause heart problems, hypertension, muscle weakness, Na mg/L 3-223 (32) ± 58 3-7 (6) ± 1 3 -11 (7) ± 3 2 -3 (4) ± 2 6 -13 Mn concentrations were in the ranges 20-2,198 μg/L and 31-87 μg/L in groundwater and surface water, respectively (Table 1 ). The abnormally high Mn concentration (2,198 μg/L) in one sample of a dug well could be due to contamination from a huge solid waste dump site in the vicinity. In the study area, Mn concentrations were found to be higher than those reported by Muhammad et al.
(). Therefore, the solid waste should be removed and the dug well water regularly monitored.
Excessive intake of Cu in drinking water can lead to several health problems, while its normal concentration is necessary for health including the immune system and artery strength (Kidd ) . In this study, Cu concentrations were in the ranges 17-129 μg/L and 26-113 μg/L in groundwater and surface water, respectively (Table 1) .
Pb concentrations were in the ranges 2-9 μg/L and 3-8 μg/L in groundwater and surface water, respectively ( Figure 2 shows that high concentrations of Ni were associated with very low Ca/Mg ratios, confirming the geogenic (mafic and ultramafic rocks) origins.
For normal body functions, a specific amount of Cr is needed.
However, its high concentrations may cause kidney and liver problems and it is a genotoxic carcinogen (Muhammad et al.
; Shah et al. ).
The concentrations of Cr were in the ranges 14-396 μg/L and 31-45 μg/L in groundwater and surface water, respectively (Table 1) . Like Cr, Co is also needed for normal body functions. However, its high concentrations may cause over-production of red blood cells 
Risk assessment
Information about sex, age, literacy rate, livelihood, health and drinking water of local people was collected in the field. The study population is dependent on groundwater (bore well, dug well, hand pump and tube well) and surface water (stream) sources for drinking purpose. Therefore, samples from these sources were collected and evaluated for exposure assessment (viz., ADI) and chronic risk assessment (viz., HQ).
Exposure assessment
Average daily intake (DIM) values of the study area revealed the highest (6.28 × 10 1 μg/kg-day) for Mn, with the lowest (1.70 × 10 À1 μg/kg-day) for Ni in groundwater (Table 2) .
Other TM ADI values were found in between the two 
Chronic risk assessment
The DIM values were further evaluated for the chronic risk assessment or HQ. The HQ value was found highest (1.94)
for Cr, whereas lowest (<0.01) for Zn ( Table 2 
Statistical analyses
Statistical comparison using one-way ANOVA for different water sources revealed significant variations at the level of p < 0.05, which means that these sources contribute differently to the mean water contamination of Mg, Ni, Cr and Mn (Table 1) 
CONCLUSIONS
Results of the study showed that physico-chemical parameters were found to be within the drinking water permissible limit set by the WHO, except for Mn, Fe, Ni,
Cr and Co in a small number of samples. The ADI and HQ through drinking water consumption were found in Values of dominant parameters in each factor is reported in bold. Values of dominant parameters in each factor is reported in bold.
